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LOW-ENERGY PION DOUBLE CHARGE EXCHANGE
AND NUCLEON-NUCLEON CORRELATICNS IN NUCLEI

MICHAEL J LEITCH,

Los Alamos National Laboratory

ABSTRACT

Recent measurements of pion double-charge exchange (DCX) at energies
20 to 70 MeV are providing a new means for studying nucleon-nucleon
correlations 1n nuclei. At these energies the nucleus is relatively trans-
parent, allowing simple: theoretical models to be used in interpreting
the data and leading to a clearer picture. Also the contribution to DCX
of sequential charge-exchange scattering thiough the intermediate ana-
log state is suppressed near 50 MeV and transiticns through nun-analog
intermediate states become very important. Recent theoretical studies
by several groups have shown that while transitions through the analog
route 1nvolve relatively long nucleon-nucleon distances, those through
non-analog intermediate states obtain nearly half their strength from
nucleon pairs with less than 1 ferrmu separation. Thus DCX near 50
MeV is an excellent way ro study short-range nucleon-nucleon correla-
tions.

Data has been obtained for double-1sobaric analog state (DIAS) transi-
tions on *C, %0, ®Mg¢, and a number of nuclei in the f-7:2 shell 1n-
cluding *3444%Cq, primanly at 35 and 50 MeV. Additional data fcr non-
analog (ground state) tranait.ons has also been obtained for '?C. These
data are consistent with the two-amplitude theoretical models where
the two amplitudes represent scattering through analog and through
non-analog intermediate states. Calculations based on shell-model cor-
relations explain the general trends of the data. Prelimunary new data
on the forward-angle energy dependence of the DIAS and gs transi-
tions for ‘2 **-*3Cq from 25 to 70 MeV is presented here and the current
theoretical picture based upon this data is reviewed.

I WHY LOW ENERGY DCX”

Nucle: are relatively transparent to low-energy (20 to 80 MeV) pions and thusa these
pions penetrate nucler much more than tnose with energies nearer the Asy resonance
(T. =~ 164 MeV) This can be seen in Fig 1 where [ show data from the Tel Aviv group'’
for various components of the total x —'2C croas section versus energy If we concentrate
on the total and the absorption cross sections we see taat they both fail rapidly with de-

creasing energy below the resoncn.e This transparency near 50 MeV then allows sumpler
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theoretical models (e.g., plane wave) tc
be applicable and helps to form a clearer
picture fcr pion reactions in rhis energy

range.

Of course this relative transparency
also wil]l exist well above the resonance,
however, another very important feature

of low-energy pions gives them a unique

advantage. This feature can be seen in
wat  Fig. 2 which shows the zero-degree pion
single-charge-exchange (SCX) cross sec-
tions for the proton (x “p — x%n) and for
the isobaric-analog state (LAS) transition
The

shaip minimum for ' H is due to a can-

oa various nucler (x4 — x~4’)

BN - BN BN - - I £ I R

[y ‘Mav!}

cellation of the s- and p-wave amplitudes.

Fig. 1. Decomposition of the total x~- What 1s somewhat surprising 1s that this

carbon cross section. The lines are drawn
to guide the eye. (Ref. 1)

minimum persists for the IAS transition
on nuclet up to !2%Sn. This both reaf-
firms the 1dea stated above that the nuclear medium effects on low-energy pion reactions
are relatively weak and contributes an impor:ant feature to pion double-charge exchange
reactions to the double-isobaric analog state (DIAS) near 50 MaV. If we lcok at Fig 3.
which shows the evolution with energy of the angular distributior for one of these cross
sections, we see that although at higher energies DCX via two forward-angle scatterings
through an analog intermediate state (analog route) 1s allowrd it 18 inhibited strongiy near
50 MeV Thus the analog route near 50 MeV 1s suppressed because it must go through
large-angle scatterings and is mussing tae streagth normaily contributed by fcrward-angle
scatterings hen DCX routes through non-analog (NA) intermediate states become domi-
nant and. as | will show below, these are much more interesting These two types of routes.
analog and NA, are schematically shawn in Fig 4

IAS and DIAS transitions, both discussed above. are special transitions where eithier
one or two neutrons are changed to protons which remain in the same spatial configuration
Then the nuclear-structure aspect of the reaction, in principle, 18 mmplified and »ne ~an

focus un reaction mechanisin questions
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are to guide the eye.

Finally, we come to the unique properties of DCX. Since in a DCX reaction the pion
must interact with two nucleons in the nucleus it is inherently sensitive to the correlations
of these nucleons. As we will see below, some of these correlations can be produced simply
by the ehell-model structure of their orbits. However, other more exotic “correlations”
can come into the picture from mechanisms such as those depicted in Fig. 5. Mechanisms
such as these, which in some sense are equivalent to N-N correlations, are intrinsically
very interesting and begin to bear on the question of the interface between quark and
meson/hadron degrees of {[reedom in the description of nuclei.

A final point about the relationship of SCX and DCX shouid be made. Any in-

terpretation or calculation of DCX should also look at elastic scattering and SCX in a

unified picture. A good illustration of this is provided by the PIESDEX?® calculations as
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Fig. 5. [lustration of short-range DCX mechanisms.

shown in Fig. 6. Here we show two types of calculations with each done for both SCX and
DCX. The dramatic feature is that although the two SCX calculations do not differ by
a large amount the corresponding DCX calculations (analog-route only) differ by nearly
an order of magnitude. Thus it is clear that SCX must. be correctly described before a

serious interpretation of DCX can be ettempted.

II. UNEXPECTEDLY LARGE CROSS SECTIONS: 4C AT 50 MeV
The first DCX experiments in the low-e¢nergy region were done at 50 MeV on '*C
at the TRIUMF/TPC*) and shortly after with the Little Yellow Spectrometer (LYS) at
LAMPF®). Spectra obtained in these two experimeuts are shown in Fig. 7. The energy
resolution of the TPC experiment is just barely adequate to resolve the DIAS while that

f>r the LAMPF experiment is ~ 2} MeV. However the most :mportant differences can
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be sezn in Fig. 8 where the engular distributions are shown. The LAMPF data has
much smaller uncertainties and extends all the way down to 20° scattering angle. The
importance of small scattering angles is stressed oy the theoretical calculations of Miller?
which involve DCX directly on pre-existing 6-quark clusters. This speculation, which
preceded the LAMPF measurements, caused considerable excitement at the time, howsver,
since then more conventional models have also been able to describe the strong forward
peaking in the angular distribution. As represented by the curve labeled “sequential

vptical model” simple calculations involving only tne analog route produce small, flat
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croas sections. A-hole calculations of Kara-
piperis and Kobayashi”) are shown in Fig. 9.

The essential feature of thess calculations

states, particularly the 2*. Without this 2%
intermediate state the cross section is small
and flat. The multiple scattering calculations of Gibbs, Kaufmann, and Siegel®’ are shown
in Fig. 10 and also inciude via closure the NA intermediate states. A very interesting
feature of these calculations is that they are able to characterize the two-nucleon range
and intermediate scattering angle of the proceas, as shown in Fig. 11. As discussed before,
the process tends to involve two near 90° scatterings and also involves ranges less than 1
fm about 50% of the time. At this point one has to ask, with auch short distances iavolved,
i3 it atill valid to think of the process in terms of nucleons? Thus, although the model
involving quark degruves of freedom cannot be proved to be involved such effects may be
hidden underneath a conventionsl approach.

Another approach has been used by Bleszynski and Glauber.?) They have done plane-
wave calculations with analog and NA intermediate states and with spin-flip in the closure
approximation. As shown in Fig. 12 with Cohen-Kurath wave {unctions the agreement
with the data is quite good. Also shown are curves for pure spin-singlet (1S,) and pure

soin-triplet (¥ P,) states which have quite different angular distributions. As described in
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Fig. 10. DCX calculations of AGGK contributions to IM F(0) come from short
(Pef. 8) using various wave functions. distances (< 1fm), and undergo iwo nearly
90° scatterings. (Ref.8.)
Ref. 7, this arises from the different correlation properties implicit in these two config-
urations. The 3P, wavefunction vanishes for 7} and 73 parallel or antiparallel while the
1S, is largest for these cases. Thus the 'S, doesn’t inhibit #; ~ 73 for the two nucleons
and will have more contributions from shorter-range N-N pairs. The angular distribution
goes as the form factor of the centroid of the pair R = %(Fx + f3) which for a pair that
has short range is R ~ 7; ~ 73. Thus for a 15, pair the centroid will extend to large
radii corresponding to a sharply peaked form factor and producing a forward-peaked cross
section. Their calculations also show (Fig. 13), as was discussed above, that NA interme-
diate states are essential to produce a forward-peaked crozs section and also that including
spin-flip reduces the forward-angle cross section by a substantial amount (~30%).
Following these measurements on *C additional 50 MeV angular distributions were
measured by the TRIUMF group on the QQD magnetic spectrometer for 20O and *®* My
(Refs. 10,11). As shown in Fig. 14 these cross sections are essentially identical in size and
shape to those for ! ‘C. Thus the large forward-pesking feature is not nucleus specific and

has no appreciable reduction with A for these T=1 nuclei.
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Fig. 15. Schematic diagram of the
Clamshell Spectrometer system used
for DCX measurements by our group
at LAMPF.

[II. CLAMSHELL SPECTROMETER

For the experiments which followed (in 1986) a new magnetic spectrometer at LAMPF,
the Clamshell spectrometer, has been used. This spectronieter, shown in Fig. 15, is a short
(~2 meter average path length) magnetic spectrometer intended for low energy pions. Par-
ticle identification is obtained from the range of particles in the rear scintillators (53-S7)
and from the time-of-flight thkrough the system (between S, and S;). Since there is a huge
variation in both path length and momentum across the focal plane an effective “time-of-
flight” for a central ray is constructed by making position and angle corrections and, as
seen in Fig. 16, a time-of-flight resolution of about 1 ns (fw) is then available to cut on.

In our most recent runs the Clamshell has been upgraded to include a forward-angle
system which allows measurements of DCX at scattering angles as small as 10°. This is
important, particularly at energies of 50 MeV and above, to give larger counting rates
where the cross sections become increasingly forward peaked. Since typical measurements
at one energy and angle take one to two days this system can rnake huge improvements

in running times. The forward-angle setup is shown schematically in Fig. 17; it is similar



to those used with other LAMPF spectrome-
ters. A small sweep magnet just downstream
CLAMSHELL

PSS | of the experimental target bends the inci-

dent x#* beam to the right while bending

the »~ from DCX the opposite way into the

SWEEP MAGNET

__ZhAMSHELL HAGNET
AN

spectrometer. For Q° scattering angle a sep-

.- 30°

aration of approximately 20° (depending on

reaction Q-value) between the % and =~
results. With this system singles rates in
TARGET

the front scintillator (which usually limit the

rate of beam on target) are almost an order
Fig. 17. Schematic of the forward-angie

of magnitude lower at a scattering angle of
setup of the Clamshell.

15° now than they were before at 20°.

An even more significant advance is expected by 1990. This involves adding a su-
perconducting RF cavity called the “scruncher” to the Low Energy Pion beam line which
will compress the momentum spread of the incident beam allowing us to run with the
full pion Aux of the channel yet still obtain good resolution. We expect this will give ap-
proximately a factor of three higher counting rate and will also allow us to obtain 1 MeV

(fwhm) resolution for all but the very low-energy measurements (T, < 25 MeV) where

target thickness effects dominate.

IV. 19-80 MEV HC

Some of the spectra obtained at energies 19 to 80 MeV for 4C(x*,x~) are shown
in Fig 1813). One remarkabie feature is the rapid rise with energy in the non-analog
strength at E; > 5 MeV. The angular distributions for the DIAS transition are shown in
Fig. 19. The shapes ars flatter at low energy and steeper at higher energies, as one might
expect. The curves shown are phenomological optical model calculations of PIESDEX?
with isotenso- p3 terms (i.e., with correlation effects) and without. Clearly correlation
effects are required. The dramatic energy dependence of this 14C daia along with similar
data for 17C from Ref. 13 are shown in Fig. 20. Both the '*C DiAS and the '>C non-analog
ground state transitions display similar behavior suggesting that the same mechanisms
may be involved. It is also important to note that the 14C data actually peaks near 50
MeV falling off rapidly cn either side. Similar data for the 180 DIAS taken later by the
TRIUMF gronp?) has che same feature.
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One of the problems which has surfaced ip the theoretical interpretation of these
data'?) 18 the uncertainty of the pion absorption input used in DCX calculations. In
r1g 21 are shown calculations of Gibbe and Kaufmann based upon two coutradictory sets
of absorpuion data (see Refs 1 and 17). It 18 clear that this discrepancy needs to be

resolved, perhaps with new absorption data, in order to obtain a clear picture for DCX
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Flg. 23. Spectra for DCX on calcium

isotopes at 35 MeV and 40°.

V. ISOTOPIC COMPARISONS IN THE f7/? SHELL

After the measurements on light T = 1 nuclei our group begau to look at the calcium
isotopes. [nitial attompts to measure *Ca at 50 MeV were unsuccessful because the DIAS
lies at an excitation of 17.1 MeV amidst a very strong continuum (Fig. 22). However at 35
MeV, where the continuum strength is dramatically reduced the apectra stiown in Fig. 23
were obtained (Refs. 18, 19). The cross sections obtained at a {0° scattering angle are
shown in Table [ along with a two-amplitude (AB) analysis following Auerbach, Gibba,

and Piasetzky.?®) First let us look at just the experimental numbers. Although **Ca has



six times more neutron pairs for the DCX to take place on, the measured cross section
is nearly a faoctor of two smaller than that of “*Ca. Also, although **Ca has 28 times
more pairs than *2Ca, it is only slightly larger than *3Ca. Clearly something unique and

dramatic is happening near 50 MeV.

Table 1.
Phenomological AB analysis of the 35 MeV, 40° Ca lsotope data!?
Target AB Model do/dQ (35N eV, 40°) (b ar)
2Ca |4+ B|? 20+ .5
“Ca A+ 18| 1.1+.15
“Cq 1A -}8)2 2.4+ .6

|Al = 34+ .03, |B|=120%.14, ¢=59, [8|=35%5

Because of the shell-miodel configuration of the valence neutrons for sach isotope, as
shown in Ref. 20, transitions through aon-analog states (B amplitude) are weighted by
different factors relative to transitions through the analog route (A amplitude). In the

seniority model the cross section goes as (Ref. 21},

do.DIAS

nn-l) _x3-n
a0 = A(8) +

(n-1)(27 - 1)

where n is the number of valence neutroas, j is the orbival ungular momentum (7/2 for the

B (1)

/7/-shell), and A and B are complex amplitudes represonting transitions through analog
and non-analog intermediate states, respectively. The factor n(n - 1)/2 is the pair factor,
i.e., the number of valence neutron pairs. The unique feature of low-energy is that A,
the analog route, is strongly suppressed near 50 MeV due to the s, p-wave cancellation
in SCX. Thus as shown in some theoretical calculations of Auerbach, Gibbs, Ginocchio,
and Kaufmann??) (Fig. 24) the ratio |B|/|A| becomes very large causing the shell-model
variation between isotopes to produce huge differences in the cross sections. In Table [
phenomological valueu for |A|,|B| and the relative phase are extracted by fitting to the
three data points and do give a large | B|/|A| value of 3.5 + .5. [ wi!l show below how this
phenomological picture holds up for more than three duta points (where it has predictive
power) after | have introduced the newest data. So, in summary, since B is large compared

to A the quantity inside the vertical bars is large for ‘?Ca, but for *"a and CCainmo



}
o I O1AS
o‘ 100
| I 7/' sheH
Al 5 -
@« }1 0" Ly
-1 3 T (=)
\ Q‘ ‘V‘o
i . a * 600 Mev/e S\ 10—1 i\\{\
9 N 8 ekl
a+300 uwa/ T T "o
o L L e =3
o 100 200 08 10 (re*, ")
T, (MeV) 35 MeV
Fig. 24. Calculstion of Ref. 21 showing 0 . . :
the sharp pu.kin( of | B|/|A| near 50 MeV 0 30 60 0
as described in the text. Lab Angle (degrees)

Fig. 25. Preliminary forward-angle dis-
tributions from our LAMPF experiment
#1048 for DIAS transitions on several f7/7.
shell nuclei at 35 MeV.

Ty * 38 Mev

". (Iiu "tl)

08 (pubse)

e -

—Pure fyq RN
c s WHIN CONT QU R Meung

R [ R R

If, -4 tm b (09)
Fig. 26. From Blessynski, Blessynski, and Glauber (Ref. 23). a) The separation
densities for 1Ca, ‘4Ca, *®*Ca, and **Ca (solid lines). The dotted curve is the sepa-
ration density with the correlation function Cn -z set equal to zero. The dashed curve
correaponds to a configuration-mixed representation of **Ca. b) Comparison between
the theoretically predicted differential cross sections and the experimental data for the
reactions # ' ACa(O') + x ATi(0O'), for A = 42, 44, and 48, at 35 MeV.




small (with the 1/9 + -1/7 factors) that even with the larger pair factors the resulting
cross sections are similar to those for ‘3Ca.

Our newer (preliminary) data for a number of f7/? nuclei with 3-point angular
distributions'® is shown in Fig. 25. Of particular note is the difference in angular distri-
bution shapes between T = 1 (steeper) and T > 2 (flatter) nuclei cross sectious. These
features have been explained by Bleszynski, Bleszynski, and Glauber (BBG).?*) Some
BBG results are shown in Fig. 26. The N-N separation involved is strongly peaked at
smaller range for *?Ca which has the large contribution from the “B” term. Thus the
B term is strongly sensitive to the shorter-range correlations and thus is of particular
interest. Also important to note is that a small amount configuration mixing from the
Py;3-shell substactially increases the forward-angle cross section. Clearly configuration
mixing is an important ingredient of the full picture. The results shown here were also
silown in a recent Physics Today article.?*) There is good agreement with the data and

the more steeply falling cross section for ?Ca (T=1) is also evident.

VI. ENERGY DEPENDENCE OF DIAS AND G.S. TRANSITIONS FOR f7/2.SHELL
NUCLEI
Our most recent data 'July 1988) addresses the energy dependence of both DIAS
and g.s. transitions on the f?/?-shell nuclei. The new Clamshell forward-angle system
(described above), which we developed along with MP-10, was used. Some of the spectra
obtained are shown in Fig. 27. These data are preliminary as they are from on-line
analysis. They are summarized in Fig. 28 which shows the energy dependence including
other data above 70 MeV from Kaletka?®) for perspective. Both DIAS and g.s. cross
sectioas have huge rises au energies below 70 MeV. For *?Ca a dramatic and rather sharp
peak at 50 MeV is evident. Further data will be taken in 1989 to better define these
features. At this time it is difficult to say what mechanisms cause such dramatic {eatures
but one can guess that since the features of the DIAS and g.s. transitions are aimilar a
common source may be responsible. Also, since the Q-values involved, shown in Table II,
vary dramatically this may account for the apparent energy-shifts hetween the peaking
for the different transitions.
With this larger body of data, we can now take a mors serious look at the henomo-
logical AB model. Note that the ground state transitons are also part of the AB pictvre
and in fact have cross sections which go as [B|?. Some of the nuclei (those with both

valence neutrons and protons) do not follow the simple seniority shell-model picture of
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on calcium isotopes.

Ref. 20 and must be treated within a more realistic f/7/? model as shown by Auerbach,
Gibbs, Ginocchio, and Kaufmann (AGGK).?V

In this model the croes section for DIAS transitions is given by an expression similar
to that of Eq. (1), which for the f7/2.shell and T = n/2 ia

daDIAS

T a0 = ")+ xpe) (

~—

where X = (5 - n)/[3(n ~ 1)| with n being the number of valence nucleons. For the g.s.

transition the analogous expression is,

do?*

~n{n -1) .
A O O (®)
where ¥ = 4/[9(n - 1)]/(n  2)(10 - n)



Table II.

Q-values for various DCX reactions

Target Qy...(MeV) Qpras(MeV) EDIAS (MeV)
87y -13.64 -13.64 0.
807y -0.8 -13.22 13.08
80Cy -13.44 -14.83 1.39
S4Fe -15.63 -15.90 :
1Ca -12.40 -12.40 0.
4Ca -2.90 -12.33 9.44
%Ca 5.29 -11.84 17.13

The resulting cross-section expreasions are shown in Table III. For the purposes of the
phenomological analysis here, I will work with the seniority model but apply corrections

to these nuclei based upon the ratio between seniority and the full shell-model results of

the reaction-model calculations in Ref. 21.

Table III.
Seulority Model Cross Sections from AGGK (Ref. 21)

do/dQ}
Target DIAS g8
2Ca,5 Fe 1A+ B? —
“catrcr 6|A+ .11B) 1.58 B?
$Ca 0T 15/A - 0782 1.948?
“Ca 28/A - 1482 1.36 B2
OTi0Cr |A +1.47B) —
ST Cr 8/A + 178 2.38?

(Note: *4Ca(g.s.)/**Cua(g.e.) = 1.18)

The reaults of this phenomological approach are shown in Table 1V. For 35 MeV |
have fit the *7444%¢ 4 DIAS croas sections while for 65 MeV [ have fit the ****"a DIAS



and the **Ca g.s. cross sections. For those nuclei where appropriate, the seniority result

is given first with the (more correct) full shell-model result in parenthesis below.

Seniority Model Fits (Preliminary Data)*

TABLE IV.

35 MeV 25 deg 40 deg 70 deg
data AB! data AB! data AB!
DIAS 42Ca 2.27+.29 2.27 1.9:£.3 1.9 4+.08 4
DIAS *Ca 1.09+.168 1.09 1.1£.15 1.1 .164..04 .16
DIAS i ¥ 1.554+.27 1.47 1.38+.18 1.45 T1£.13 .83
DIAS **Ca 2.7x.9 2.7 2.4+.6 2.4 2.2+.5 2.2
. Py 4.52 3.69 98
DIAS  “°Ti  253%35 g0 211£30 g5 47202 3
DIAS 54Fe 1.5+.4 2.27 9+.2 1.9 .04+.03 4
2.78 3.13 .86
gs. ‘Ca " (1.01) - (.77) - (.31)
2.39 1.88 74
g.9. 8Ca 1.3+£.3 (87) — (.67) -— (.27)
85 MeV 15 deg -
data AB! .
DIAS 1Ca 1.384+0.16 1.21
DIAS *‘‘Ca <.8 0.68
DIAS ‘%Ca  0.3410.11 0.34
gs. 4Ca 0.6+0.1 (1 °1:))
gs.  ‘*Ca  007+004 /)

« For the 35 MeV 42:44.48Cq the DIAS cross sections are fit; at 64 MeV the *24*Ca DIAS
and the **Ca g.s. cross sections are fit.

t The AB numbers in parenthesis are the non-seniority results obtained by scaling ac-

cording to the 35 MeV /40 degree ratios of the AGGK paper?!). (These re used even at

65 MeV )

For 35 MeV at all three angles the agreement in excellent with the exception of

%4 i'e. However, since this model neglects nuclear size differences and %4 Fe is aubstantially

Iarger than the other nuclei, this may be such an eifect. The angular distribution for

S4Fe (Fig. 26) is also much sharper. For 866 MeV, where we only have data at 15, the



agreement is also quite good excezt for the *Ca g.s. transition data which is anomolously
small. Since the Q-values for the 4Ca and **Ca g.s. transitions differ by about 7 MeV it
is possible that at the edge of a rather sharp feature this difference may cause a shift that
creates such a ratio. The small *®Ca g.s. cross section appears to be the ancmalous one
since an attempt to include it in the fit rather than the **Ca g.s. makes the ‘3Ca DIAS
prediction much worse.

In summary the phenomological AB model appears to give aa excellent description
of the data with a few exceptions which may have simple explanations. With the success
of the AB approach we can now begin to isolate the B strength which we associate with
shorter-range correlations or perhaps with more exotic DCX mechanisms.

V. NEWEST THEORETICAL CALCULATIONS
Several theoretical groups including AGGK and BBG (discussed above) and Siciliano,

Johnson, Sarafian, and Brown (SJSB) are actively working towards vuderstanding low-
eneryv DCX.

Some preliminary but current calculations of AGGK for the !*C (Fig. 29) and calcium

isotope (Fig. 30) energy dependences are shown. 4 ————+—T——T1—T——
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the solid curve is with spin-flip. Fig. 30. Calculations of AGGK (Ref.

18) compared to our preliminnary data
(Expt. 1098) fcr DIAS and g.8. tran-
sitions on calcium isotopes.



These distorted wave optical-model calculations use closure and an effective excitation
energy for the intermediate states. The seniority f7/2 shell-model with spherical orbitals
is used. For the *C calculations (Fig. 30) we see that including double spin-flip causes a
huge reduction. A similar but smaller effect was seen above for the 50 MeV calculations
of BG (Fig. 14). The full calculation predicts roughly the correct magnitude cross section
but faile to reproduce the data’s broad peaking shape. The 42:44.48Cq calculations are
compared to the data for both DIAS and g.s. transitions in Fig. 30. The g.s. calculations
do show a peaking with energy near 50 MeV similar to the data but appear to be too broad
and shifted to higher energy. The g.s. cross sections go as |B|? so this shape represents
the shape of B. Since we also know that A will have a “parabolic” shape with a minimum
near 50 MeV we can then begin to understand how these calculations obtain so many
oscillations for the DIAS cross sections. The DIAS cross sections go us in Eq. (1) the
different isotopes cross sections are formed by taking these combinations of A and B. In
particular, for *Ca the cross section goes as A — 1 B thus allowing these A and B shapes
to subtract and produce an energy dependence with two minima. However, these DIAS
calculations fail to reproduce the large peak at 50 MeV for *3Ca and the apparently rapid
drop of the cross sections at 25 MeV. Given these failures it appears that other effects such
as configuration mixing or DCX coupling through meson-exchange currents may need to
be included; AGGK are now studying these and other effects.

I understand tkat BG are also actively working on understanding these energy de-

pendences and that they may have s “conventional” explanation — but tueir results are
not yet available.

Finally, [ would like to mention the
work of SJSB.?%) Although no results are
available yet it is interesting to note the
features of their approach. They will cal-

culate DCX with distortions using clo-

sure, including double spin-flip, and us-

"3 . Y ing an arbitrary two-body density ma-

,{ trix. They also will include an extra cor-

> Ta s Y relation function, ['(r) =1 — j,(§r), and

TR besides the sequential mechanism will cal-
N N

culate several explicit two-nucleon pro-

(a)

B cesses including the DINT (A-interaction),

Fig. 31. Diagrams considered in the model Fig. 31b, and DWAF (A in the wave-
of SISB (Ref. 26), as described in the text. function) diagrams, Fig. 31c-d.



Vi SUMMARY AND CONCLUSIONS

We now believe that low-energy pion DCX is a significant new tool for studying
nucleon-nucleon correlations in nuclei. The large cross sections, the isotopic ratios, and
the different angular distributions for DCX on f7/2-shell nuclei are understood in terms of
a two-amplitude model which separates long and short-range correlation effects. The shell-
model correlations of the nucleons involved is essential to explain these features of the data.
The newest data on the energy dependence of both DIAS and g.s. transitions can still be
understood in terms of a phenomological two-amplitude picture but ie not reproduced by
current model calculations. We hope that the features of the data, especially the dramatic
peaking near 50 MeV will constrain the theoreticai models enough to determine whether
additional correlations or new mechanisms must be involved.

I wish to thank the members of our collaboration, especially H. Baer, E. Piasetzky,
and Z. Weinfeld, and also N. Auerbach, W. Gibbs, J. Ginocchio, R. Glauber, W. Kauf-
mann, and E. Siciliano for many useful discussions, without which this field of research
would not be as vigorous and useful as it is.
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